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[57] ABSTRACT 
A method of manufacturing an electric discharge de 
vice comprising a pattern of electrodes bonded to a 
glass substrate. It is necessary for certain gas discharge 
display devices to use metal electrodes which are at 
least 20 pm thick and adhere satisfactorily to a glass 
substrate. A metal foil is placed on a glass substrate 2, 
and this assemblyris heated to a temperature T1 which is 
below the melting-point of the metal of the foil and at 
which the viscosity of the glass of the substrate is in the 
range from 107 to 103 Pas. The foil is pressed uniformly 
against the substrate at the temperature T1 for a time 

i which is sufficient to produce uniform contact between 
the foil and the substrate. The foil is then bonded to the 
substrate by an anodic bonding process, and the desired 
electrode pattern is produced by locally removing 
metal from the foil. 

9 Claims, 7 Drawing Figures 
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METHOD OF MANUFACTURING AN ELECTRIC 
DISCHARGE DEVICE 

The invention relates to a method of manufacturing 
an electric discharge device having a pattern of elec 
trodes provided on a glass substrate with the electrodes 
being bonded to a surface of the glass substrate by an 
anodic bonding process; and also to an electric dis 
charge device manufactured by such a method. 

In the manufacture of an electric discharge device, it 
is often necessary to provide patterns of electrodes on a 
glass substrate. For that purpose, according to a gener 
ally known method, a metal layer is vapour-deposited 
or sputtered onto the surface of the substrate and the 
desired pattern of electrodes is obtained by locally re 
moving parts of the metal layer. According to this 
method, only thin metal layers not more than a few 
microns thick can be provided. For providing thicker 
layers having a thickness of a few tens of microns, this 
method is very time-consuming and the adhesion of the 
metal layer to the substrate for these thick layers is 
insufficient for many applications. When, for example in 
gas discharge display devices, the electrodes must be 
capable of passing some current and the electric resis 
tance of the electrodes must be low, such a method is 
not very suitable. 

Therefore, there is a need for a method wherein pat 
terns of comparatively thick electrodes can be provided 
on a glass substrate and which electrodes adhere ade 
quately to the substrate. 

U.S. Pat. No. 4,083,710 discloses a method of provid 
ing a pattern of electrodes in the form of parallel strip 
shaped conductors on a glass substrate. A die having a 
relief pattern consisting of parallel ridges is made, and 
the strip-shaped conductors are temporarily provided 
on the ridges by means of an adhesive and are then 
transferred to the glass substrate. This transfer is ef 
fected by pressing the die with the conductors against 
the surface of the substrate and bonding the conductors 
to the surface of the substrate by means of a pressure 
bonding process. In this manner a pattern of electrodes 
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corresponding to the relief of the die is formed on the ' 
substrate. 
The accuracy in the mutual positioning of the con 

ductors on the substrate depends on the accuracy with 
which the conductors can be provided on the die in 
registration with the pattern of ridges. Providing the 
strip-shaped conductors on the die in registration with 
the ridges is effected by means of a roller having 
grooves in which the strip-shaped conductors are 
guided. The distance between the grooves determines 
the distance between the conductors. The size accuracy 
of the pattern of electrodes is hence restricted by the 
size accuracy of the tools used. Furthermore, this 
method is restricted to the provision of strip-shaped 
patterns of electrodes. 

It is an object of the invention to provide a method of 
manufacturing an electric discharge device having a 
pattern of electrodes provided on a glass substrate in 
which the pattern of electrodes adheres satisfactorily to 
the substrate, has a good size accuracy and may have 
any shape and desired thickness. 
For that purpose, according to the invention, a 

method of the kind mentioned in the opening paragraph 
is characterized in that a metal foil is provided on the 
surface of the substrate to be provided with the pattern 
of electrodes, the assembly of metal ‘foil and substrate is 
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2 
heated to a temperature T1 which is lower than the 
melting-point of the metal of the foil and at which the 
viscosity of the glass of the substrate has a value in the 
range from 107 to 1013 Pas., the metal foil at the temper 
ature T1 is uniformly pressed against the substrate sur 
face for a time which is sufficient to obtain a uniform 
contact between the metal foil and the substrate, the 
metal foil is bonded to the substrate by means of an 
anodic bonding process, and the desired pattern of elec 
trodes is then formed by the local removal of the metal 
foil. 
By covering the surface of the substrate to be pro 

vided with a pattern of electrodes with a metal foil, then 
bonding the foil to the substrate, and ?nally forming the 
desired pattern of electrodes from the foil, a number of 
important advantages are obtained. The method is fast 
and is extremely suitable for mass production. Metal 
foils of any thickness desired for the ?eld of application 
of the invention may be used. Any desired pattern of 
electrodes can be obtained from the metal foil bonded to 
the substrate, for example, by means of photoetching 
methods with the great accuracy associated with these 
methods. For the successful application of the inven 

‘ tion, however, it is necessary that a uniform surface 
contact should be produced between the metal foil and 
the substrate for at least that part of the foil from which 
the pattern of electrodes is to be formed afterwards. 
Uniform contact is to be understood to'mean herein a 
tight surface contact without gas inclusions between the 
metal foil and the substrate. According to the invention, 
this requirement is met by laying the metal foil on the 
substrate surface, heating the assembly to a temperature 
T1 which is lower than the melting-point of the metal of 
the foil, and at which temperature T1 the viscosity of 
the glass of the substrate is in the range from l07X 1013 
Pas., and then pressing the metal foil uniformly against 
the substrate surface. In the indicated viscosity range, 
the glass can be deformed so that a uniform contact is 
produced between the foil and the substrate when a 
uniform pressure is exerted on the foil. The time which 
is necessary to produce a uniform contact between the 
metal foil and the glass depends on the value of the 
pressure, the surface state of the metal foil and the glass 
substrate, and the extent of deformability of the glass. 
According to an embodiment of the invention, a pres 
sure is used in the range from 3x105 to 8X 105 N/m2 
and is maintained for a period of from 5 minutes to 60 
minutes. According to a preferred embodiment of the 
invention, upon pressing the foil and substrate against 
each other, ?rst the foil is pressed against the substrate 
over a restricted surface area, after which the pressure 
is gradually expanded over a region expending towards 
the edges of the foil. This can be realized, for example, 
by means 00f a diaphragm which presses against the foil 
and of which a larger and larger area is contacted with 
the foil by increasing the pressure on the diaphragm. 

After having produced a uniform contact between 
foil and the substrate, the foil is bonded to the substrate 
by means of anodic bonding. This method comprises 
applying an electric potential difference over the parts 
to be bonded at a temperature T2, in which the surfaces 
to be bonded are kept in close contact with each other. 
The temperature T; is chosen to be so high that the part 
to be bonded of insulating material becomes slightly 
electrically conductive. During the bonding of the sur 
faces, these surfaces are kept in close contact with each 
other as a result of the electric potential difference by 
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electrostatic forces, if desired supplemented by mechan 
ical pressure. 
Such a bonding method is disclosed inter alia in US. 

Pat. Nos. 3,397,278 and 3,589,965. Reference is made to 
these Patent Speci?cations for further details regarding 
this bonding method. 
According to another embodiment of the invention 

the metal foil consists of an aluminium foil. This metal is 
very ductile which is favourable in order to obtain a 
uniform surface contact when the foil and the substrate 
are pressed against each other. Foils having a thickness 
of up to 300 pm can be provided on the surface of a 
glass substrate in the manner according to the invention 
‘in a satisfactorily adherent and bubble-free manner. 

According to a further embodiment of the invention, 
an aluminium foil is used in combination with a soft 
glass substrate, in particular a soda lime glass. At a 
temperature T1 in the range from 550° to 600° C., the 
aluminium foil is pressed against the soft-glass substrate 
at a pressure of approximately 5 X 105 N/m2 for approxi~ 
mately 30 minutes, which results in a uniform contact 
between aluminium foil and substrate. At a temperature 
T; in the range from 230° to 280° C., an electric voltage 
is then applied across the glass substrate and the alumin 
ium foil for at least 3 minutes, which electric voltage 
results in a current of 0.2 to 0.7 A/m2 ?owing through 
the glass substrate, this treatment producing a strong 
bond between the aluminium foil and the substrate. 
The invention is of particular importance for the 

manufacture of ?at display panels, for example, gas 
discharge display panels having an envelope comprising 
at least one glass plate on which a pattern of electrodes 
has been provided. Such patterns of electrodes should 
be constructed from electrodes which are accurately 
de?ned with respect to mutual position and dimensions. 
The use of aluminium foils has several advantages be 
cause aluminium is a metal which can easily be worked. 
A pattern of aluminium electrodes provided on the glass 
plate according to the invention can be provided with 
an electrically insulating oxide ?lm either locally or 
entirely by means of anodic oxidation. By photographi 
cally providing an anodic oxide ?lm locally on the 
electrodes, accurately de?ned electrode areas not pro 
vided with insulation (oxide ?lm) can be obtained, 
which is important for d.c.-operated display panels 
having a large resolving power. By providing the whole 
pattern of electrodes with an anodic oxide ?lm, a dis 
“play panel can be obtained which can be a.c.-operated. 

The envelope of a gas discharge display panel may 
comprise a second glass plate which is also provided 
with a pattern of electrodes consisting of aluminium foil 
and the patterns of electrodes on the ?rst and second 
glass plates are each provided with an electrically insu 
lating oxide ?lm. 
The invention also provides a solution to problems 

occurring in the vacuum-tight sealing together of the 
glass plates in display panels. Special measures, for ex 
ample, in the form of silver lead-through strips had 

' often to be taken to seal the panel in a vacuum-tight 
manner at the area where the electrodes are led 
through. It has been found that such measures are not 
necessary in display panels manufactured according to 
the invention. The bonding of the electrodes to the glass 
substrate is vacuum-tight and the sealing glass, usually 
in the form of a “glass frit”, also produces a vacuum 
tight connection between the glass plates of the panel at 
the area where the electrodes are led through the panel. 
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In a gas discharge display panel comprising two glass 

plates each bearing a pattern of electrodes, one of the 
glass plates is bonded along a closed circuit by means of 
a sealing glass to the other glass plate, and the pattern of 
electrodes has extensions formed integrally therewith, 
which extensions cross the circuit of sealing glass, and 
at the area of such a crossing on the one hand adhere 
directly to the glass plate, and on the other hand adhere 
directly to the sealing glass, so as to form a vacuum 
tight electric lead-through for an electrode of the pat 
tern of electrodes. 
Embodiments of the invention will now be described 

with reference to the drawings, in which: 
FIGS. 1, 2 and 3 illustrate three stages of an embodi 

ment of the method according to the invention, 
FIG. 4 shows diagrammatically a device for produc 

ing a uniform surface contact between a metal foil and 
a flat glass substrate, 
FIG. 5 shows part of an elementary form of a gas ‘ 

discharge display panel provided with a pattern of elec 
trodes manufactured by a method according to the 
invention. 
FIG. 6 is a plan view of another embodiment of a gas 

discharge display panel manufactured by a method 
according to the invention, and 
FIG. 7 is a sectional view taken on the line VII-—VII 

of the gas discharge display panel shown in FIG. 6. 
FIG. 1 illustrates the provision of an aluminium foil 1 

which is approximately 100 pm thick on a glass plate 2. 
The glass plate 2 consists of a soda lime glass consisting 
essentially of 69.5 wt.% SiOZ, 10 wt.% N820, 7.5 wt.% 
K20, 10 wt.% C210 and 3 wt.% BaO. As shown in FIG. 
2, the assembly consisting of the glass plate 2 and the 
aluminium foil 1 are laid on a stainless steel base plate 3, 
and this structure is then heated in a furnace to a tem 
perature T1 in the range from 550°-600° C. At this tem 
perature the soda lime glass has a viscosity of approxi 
mately 1010 Pas. After the temperature T1 has been 
reached, the aluminium foil 1 is pressed uniformly 
against the glass plate 2 at a pressure of approximately 
5X 105 N/m2 for approximately 30 minutes so as to 
obtain a uniform surface contact between the alumin 
ium foil 1 and the glass plate 2. During the application 
of this uniform pressure (indicated by the arrow 4), the 
formation of local gas inclusions between the aluminium 
foil 1 and the glass plate 2 should be avoided. For that 
purpose, the aluminium foil 1 is ?rst pressed against the 
glass plate 2 over a restricted control area, and then the 
area over which pressure is applied is extended over an 
area progressing towards the edges of the foil. As is 
shown diagrammatically in FIG. 2 by means of a volt 
age element V, the glass plate 2 and the aluminium foil 
1 are bonded together by means of anodic bonding. This 
bonding process takes place at a temperature T; of ap 
proximately 250“ C. and consists in applying an electric 
potential difference across the glass plate 2 and the foil 
1 which results in an electric current of approximately 

‘’ 0.5 A/m2 passing through the glass plate 2 for at least 3 

65 

minutes. By means of known photographic methods, 
any desired pattern of electrodes can now be etched 
from the bonded aluminium foil with the great accuracy 
associated with this technique. In this manner a glass 
plate provided with a satisfactorily adherent pattern of 
electrodes of the desired thickness is obtained. FIG. 3 
shows such a plate 2 bearing a pattern of electrodes 25 
obtained by a photographic etching process. 
The device shown in FIG. 4 above that it is possible 

to simultaneously bond metal foils 1 to a number of glass 
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plates 2, for instance two glass plates 2 and 2a. A- steel 
top plate 6 is kept at a predetermined distance from the 
base plate 3 by means of a number of bolts 7 which 
engage in threaded bores 5 in .thebase plate 3.'The top 
plate 6» comprises a central aperture 8 through which a 
tube 9 extends.- The tube 9 is connected at one end to a 
pin-cushion-like steel expansion vessel 10 consisting of 
two metal diaphragms 11 and 12 which are sealed to 
gether at the edges in a vacuum-tight manner. The glass 
plate 2 is placed between two metal foils 1 and 1a. The 
glass plate 20 is placed between two metal foils, 1b and 
‘1c. The plates 2 and 2a are: stacked one on top of the 
other and a chromium-nickel-iron plate '13 is placed 
between the abutting metal foils 1a and 1b; This chromi 
um-nickel-iron plate 13 being covered on each major 
surface with a layer of graphite or boron nitride so as to 
prevent the abutting foils 1a and lb'from adhering to 
gether. This structure is disposed between the base plate 
3'and the diaphragm 12 of the expansion vessel 10 and 
subsequently heated to a temperature in the range from 
550°—600° C. By the tube 9 the pressure in the expansion 
vessel 10 is then increased to approximately 4X 105 
N/m2 and this pressure is maintained for about 30 min 
utes. When pressurizing the expansion vessel 10, the 
contact surface between the diaphragm 12 of the expan 
sion vessel 10 and the foil 1c on the top glass plate 2a 
will gradually be expanded from the centre towards the 
edges of the foil 10. In this manner the formation of gas 
inclusions (gas bubbles) between the glass plate 2 and 
the foils 1 and 10 as well as between the glass plate 20 
and the foils 1b and 1c is avoided. By means of a similar 
bonding process as described with reference to FIG. 2 

6 
operated. When the electrodes 22 and 23 consist of 
aluminium, the panel can be made suitable for a.c.-oper 
ation in a’simple manner by providing the aluminium 
electrodes 22 and 23 with an electrically insulating 
oxide ?lm by means of anodic oxidation. ' 

It is also possible tov provide the cathode 22 with an 
anodic oxide ?lm with the exception of small regions at 
the areas where the cathodes cross an anode. In this 
manner accurately de?ned discharge regions are ob 
tained and a discharge panel having a large resolving 
power can be manufactured. ‘ > 

FIGS. 6 and 7 show a‘ particular embodiment of a gas 
discharge display panel having a‘pattern of electrodes 
obtained according to the ‘invention. In the manner 
vaccording to the invention, a pattern of aluminium elec 
trodes, approximately 50 pm thick, consisting of paral 
lel cathode strips 31 having transverse projections 32 is 
provided on a glass base plate 30. The cathodes 31 are 
provided with an approximately 20 pm thick oxide skin 
by ‘anodic oxidation (shown in FIG. 6 by dotted areas), 
with the exception of small'surfac'e elements 33 present 
in the transverse projections 32. The surface elements 
33 not provided with an anodic oxide ?lm form the 

. surface parts of the cathodes 31 which are active for a 

30 

the metal foils 1a and 1c or 1 and 1b are simultaneously . 
bonded to the glass plates 2 and 20 by applying an elec 
tric potential difference across the stacked structure. 
Dependent on the polarity of the electric voltage the 
foils 1a and 10 or 1 and 1b will adhere to the respective 
glass plates 2 and 2a. The non-adhered metal foils can 
easily pulled off the glass plates. 
The method according to the invention is very suit 

able for use in the manufacture of gas discharge display 
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devices. FIG. 5 shows the most elementary form of _ 
such a display device. The device in this Figure consists 
of a glass base plate 20 and a glass top plate 21. Accord 
ing to a method described with reference to FIGS. 1 to 
4, a pattern of electrodes in the form of aluminium strip 
shaped electrodes 22 is provided on the base plate 20. 

- The electrodes 22 form the cathodes of the display 
device. The top plate 21 is provided with a pattern of 
electrodes 23 in an analogous manner consisting of 
strip-shaped electrodes 23 which cross the electrodes 22 
and constitute the anodes of the display device. The 
glass plates 20 and 21 are kept at a de?ned distance from 
each other by means of spacing members not shown and _ 
are sealed together at the edges in a vacuum-tight man 
ner by means of a sealing glass. The space between the 
plates 20 and 21 is ?lled with a suitable ionizable gas, for 
example neon or a mixture of neon and argon. By apply 
ing a suitable voltage difference between a cathode 22 
and an anode 23, a glow discharge which is visible 
through the top plate 21 is generated at the area where 
the anode and cathode cross each other. By scanning 
the anodes 23 and the cathodes 22 with a suf?ciently 
high frequency in a predetermined sequence with volt 
age pulses corresponding to the picture information, a 
picture built up from discharge points can be displayed 
which is observed as an apparently continuous light 
picture. The here brie?y described display panel is do. 

45 

discharge. These surface elements 33 can be obtained by 
selective photoetching. For that purpose, a layer of 
photoresist is provided on the aluminium electrode 
pattern and is exposed by a photomask in such manner 
that after development only the surface elements 33 to 
be formed are covered with a layer of photoresist. The 
pattern of electrodes is then subjected ‘to an anodic 
oxidation process, in which, the photoresist-covered 
surfaces excepted, an oxide ?lm which is approximately 
20 pm is obtained. The surface elements 33 are then 
exposed by removing the resist layer. In order to obtain 
a discharge, the surface elements 33 co-operate with 
strip-shaped anodes 35 provided on a top plate 34 
(shown in broken lines in FIG. 6). In this manner a gas 
discharge panel having very accurately de?ned active 
surface elements situated closely together is obtained. 
Moreover, each discharge is restricted to a very small 
cathode area so that a picture having a very large re 
solving power is obtained. 
FIG. 7 is a sectional view taken on the line VII—VII 

in FIG. 6. The base and top plates 30 and 34, respec 
tively, are kept at a de?ned distance from each other by 
means of spacing elements 36 and are sealed together in 
a vacuum-tight manner at the edges by means of a seal 
ing glass 37. The cathodes 31 can be provided with the 
desired electric voltages at surface parts 38 situated 
outside the panel and which are not covered by anodi 

_ cally formed oxide. 
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' As shown in FIGS. 6 and 7, the electrodes 35 and 31 
comprise integrally formed extensions 39 and 40, re 
spectively, and the desired electric voltages to the elec 
trodes externally are applied to the electrodes through 
the respective‘ extension. The invention provides a 
vacuum-tight seal of the extensions 39 and 40 to the 
glass plates 34 and 30, respectively. Due to the vacuum 
tight seal, a vacuum-tight seal of the discharge panel is 
also obtained at the area of the extensions by means of 
the sealing glass 37. It is furthermore to be noted that in 
the‘ embodiment shown in FIGS. 6 and 7, the discharges 
between an anode 35 and a cathode surface element 33 
occur substantially parallel to the panel. Due to the 
insulating anodic oxide ?lm, the anodes 35 may then 
rest on the cathodes 31,1 so that the spacing elements 36 
are not essential. 
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I claim: 
1. A method of manufacturing an electric discharge 

device having an electrode pattern comprising the steps 
of 

providing a metal foil on a glass substrate, 
heating the assembly of said metal foil and glass sub 

strate to a temperature T1 lower than the melting 
point of said metal foil and where the viscosity of 
said glass substrate has a value in the range of 107 to 
1013 Pa.-sec., 

uniformly pressing said metal foil against said glass 
substrate for a predetermined time period suf?cient 
to obtain uniform contact between said metal foil 
and said glass substrate, 

bonding said metal foil to said glass substrate by an 
anodic bonding process, and 

forming a predetermined pattern of electrodes by 
selective local removal of portions of said metal 
foil. 

2. A method according to claim 1, wherein said metal 
foil is pressed against said glass substrate at a pressure of 
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from 3 X 105 to 8 X105 N/m2 for said time period being 
from 5 to 60 minutes. 

3. A method according to one of claims 1 or 2, 
wherein said metal foil is ?rst pressed against said glass 
substrate over a restricted area, and then pressure is 
expanded over a region expanding toward edges of said 
metal foil in order to obtain said uniform contact. 

4. A method according to claim 3, wherein said metal 
foil consists of aluminum. 

5. A method according to claim 4, wherein said glass 
substrate consists of a soft glass. 

6. A method according to claim 5, wherein said glass 
is a soda lime glass. > 

7. A method according to one of claims 1 or 2, 
wherein said metal foil consists of aluminum. 

8. A method according to claim 7, wherein said glass 
substrate consists of a soft glass. 

9. A method according to claim 8, wherein said glass 
is a soda lime glass. 
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